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A polymer complex ([Rh2(form)4(1,4-dib)]n; form� =
N,N0-di-p-tolylformamidinate anion, 1,4-dib = 1,4-diisocyano-
benzene) and a ‘‘trimer-of-dimers’’ complex ([{Rh2(form)4}3-
(1,4-dib)2]) were prepared. They were characterized based on
the elemental analyses, X-ray structure analyses, and diffuse re-
flectance spectra.

There have been numerous studies on M2L4 (L = bidentate
chelate ligands) complexes having a metal–metal bond within
the lantern-like dimetal cores.1 The unique natures originated
from the metal–metal bonds as well as the dimeric core struc-
tures are now attracting many chemists to use the dimers as
building blocks to produce intriguing (magnetic, conducting,
mesomorphic, and gas-occlusive) properties by assembling
them.1–3 From this point of view, the complexes with infinite
chain structures made up by the alternated arrangement of the
dimetal complexes and linkage ligands like pyrazine and 4,40-
bipyridine have been widely prepared and characterized.1–3 Al-
though the systematic investigation with changing the number
of the assembled dimetal units is considered to be important,
such a study has not been reported because it is difficult to con-
trol the number of the assembled dimetal complexes because of
the fact that the ligand coordinations at both their axial sites oc-
cur at once to give the insoluble polymers in the reaction solu-
tions. Except for the polymer complexes, the X-ray structurally
determined polynuclear complexes of the dimetal units bridged
by the linkage ligands are only known for the tetranuclear com-
plexes with the ‘‘dimer-of-dimers’’ structure.4–10 We started the
study for changing the number of the assembled dimeric metal–
metal bond units by using the dimetal complex [Rh2(form)4]

11

(form� = N,N0-di-p-tolylformamidinate anion; Scheme 1a), in
which the axial sites are moderately crowded by the p-tolyl
groups, decreasing the chance of the axial coordination. On
the basis of the consideration using a molecular model, we
chose 1,4-dicyanobenzene (1,4-dcb) and 1,4-diisocyanobenzene
(1,4-dib) as the linkage ligands with the expectation that the li-
gands with two (C or N) atoms and the benzene ring between
the coordination (N or C) atoms could reach the rhodium atom
of the dimetal core through its crowded axial coordination
sphere. During the course of the study, a ‘‘dimer-of-dimers’’
complex [{Rh2(dpf)4}2(1,4-dib)] (1) (dpf� = N,N0-
diphenylformamidinate anion; Scheme 1b) was presented.9 Us-
ing its homologous parent dimer [Rh2(form)4], we isolated a
polymer complex [Rh2(form)4(1,4-dib)]n (2) and a hexanuclear
‘‘trimer-of-dimers’’ type complex [{Rh2(form)4}3(1,4-dib)2] (3)
depending on the solvents employed for the reaction (benzene
and chloroform), of which X-ray structures are presented in this

communication.
The reaction of [Rh2(form)4]

11 (5 mg, 0.005 mmol) and
1,4-dib (1 mg, 0.008 mmol) in benzene or chloroform (5 cm3)
gave reddish brown precipitate, which was filtered and dried
in the air. Anal. 2�nH2O; Found: C, 65.89; H, 5.35; N,
11.00%. Calcd for C68H66N10ORh2: C, 65.59; H, 5.34; N,
11.25%. 3�2H2O; Found: C, 65.79; H, 5.29; N, 11.09%. Calcd
for C196H192N28O2Rh6: C, 65.59; H, 5.39; N, 10.93%. The
yields were 6 mg for 2�nH2O and 5 mg for 3�2H2O. Crystals
suitable for X-ray structure analyses were obtained from the
benzene or chloroform solution containing acetonitrile.12

In Figure 1, the crystal structure of 2�2nC6H6 is depicted.
The polymer structure is made up by the axial coordination of
1,4-dib to the [Rh2(form)4] dimer with a distance of Rh1–C16
= 2.053(4) 	A. There is a 2-fold axis through the dimers and
1,4-dib bridges, which leads to the linear arrangement of the di-
meric Rh–Rh bond units. On the axial coordination of 1,4-dib,
the Rh–Rh bond (Rh1–Rh10 = 2.5697(7) 	A) is elongated by
0.136 	A; that of the parent dimer [Rh2(form)4] is 2.4336(4) 	A.11

In Figure 2, the crystal structure of 3�6H2O is depicted.
Three dimer units are linked by two 1,4-dib molecules to give
the ‘‘trimer-of-dimers’’ structure. A crystallographic 4-fold axis
exists through the dimetal cores and 1,4-dib molecules, which
makes the Rh–Rh bond units arranged linearly. The 1,4-dib li-
gand is coordinated to the dimetal core with the distances of
Rh1–C28 = 2.149(16) and Rh2–C29 = 1.965(13) 	A. Although
the Rh–Rh bonds in the (Rh1–Rh10) and (Rh2–Rh3) dimetal

Scheme 1.

Figure 1. Perspective view of 2�2nC6H6. The benzene molecules
are omitted for clarity. Selected interatomic distances (l/ 	A) and an-
gles (�/�): Rh1–Rh10 2.5697(7), Rh1–N1 2.054(4), Rh1–N2
2.074(4), Rh1–C16 2.053(4), N3–C16 1.149(4), Rh10–Rh1–C16
180, Rh1–C16–N3 180.
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cores are both elongated by the axial coordinations, the elonga-
tion is less remarkable in the latter core (Rh1–Rh10 =
2.520(2) 	A and Rh2–Rh3 = 2.4862(13) 	A). The Rh–Rh distance
(2.4862(13) 	A) is rather close to that (2.496(1) 	A) in 1. This may
be related to the fact that the (Rh2–Rh3) dimer unit is coordinat-
ed by only one 1,4-dib molecule as in the case of 1. The elon-
gation of the Rh–Rh bond on the axial ligation and the Rh–Cax

distance are 0.039 and 1.988(9) 	A, respectively, in 1,9,13 compa-
rable to those for the (Rh2–Rh3) dimer unit in 3�6H2O, of which
corresponding distances are 0.053 and 1.965(13) 	A, respective-
ly. To the best of our knowledge, 3�6H2O is the first example of
hexanuclear complexes of the ligand-bridged dimers with the
metal–metal bond.

Diffuse reflectance spectra of 2�nH2O and 3�2H2O are
shown with that of [Rh2(form)4] in Figure 3. The band at
875 nm for [Rh2(form)4] is not observed for 2�nH2O and
3�2H2O in this region. This can be explained in terms of the ax-
ial coordination of 1,4-dib to the dimetal core because the cor-
responding band around 880 nm for [Rh2(dpf)4] was reported to
disappear on the axial ligation of acetonitrile in dichlormethane
solution.13

In this study, we selectively isolated the polymer and hexa-
nuclear complexes depending on the solvents employed for the
reaction of [Rh2(form)4] and the linkage ligand 1,4-dib; the re-
action in benzene gave the polymer complex [Rh2(form)4(1,4-
dib)]n (2) and that in chloroform the hexanuclear complex
[{Rh2(form)4}3(1,4-dib)2] (3). It is now unclear why the hexa-
nuclear complex 3 was isolated contrary to the case of
[Rh2(dpf)4], which has given the tetranuclear complex 1 in
combination with 1,4-dib using dichloromethane as the reaction
solvent.9 The linkage ligand 1,4-dcb was found not to coordi-

nate to the dimer probably because of its weaker coordination
ability compared with 1,4-dib.
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Figure 2. Perspective view of 3�6H2O. The water molecules are omitted for clarity. Selected interatomic distances (l/ 	A) and angles
(�/�): Rh1–Rh10 2.520(2), Rh1–N1 2.069(7), Rh1–C28 2.149(16), Rh2–Rh3 2.4862(13), Rh2–N2 2.057(6), Rh2–C29 1.965(13), Rh3–N3
2.053(5), N4–C28 1.082(17), N5–C29 1.144(15), Rh1

0
–Rh1–C28 180, Rh3–Rh2–C29 180, Rh1–C28–N4 180, Rh2–C29–N5 180.

Figure 3. Diffuse reflectance spectra of 2�nH2O, 3�2H2O, and
[Rh2(form)4].

Chemistry Letters Vol.32, No.10 (2003) 947

Published on the web (Advance View) September 15, 2003; DOI 10.1246/cl.2003.946


